The demand for oil will be growing by 1 % per year until 2035, all over the world. As a result, instead of the current 84.5 million barrels per day, the global market will need 111.7 million barrels a day. Oil consumption will reach 106 million barrels a day in 2030. This is in line with the forecast of the International Energy Agency.
as stems, leaves, husk. Non-food plants (millet, jatropha) and industrial waste, such as wood chips, peel and pulp from fruit pressing, etc., can also be used for the production of the second generation fuels.
The second generation biofuels technologies are designed to extract useful substances for the production of fuels using wood biomass. Wood biomass contains useful sugars in cellulose and lignin. All plants contain cellulose and lignin.They are complex carbohydrates (molecules based on sugar).Lignocellulosic ethanol is obtained by separating sugar molecules from cellulose, using enzymes, steam heating and other pretreatments.Ethanol can be obtained from sugar base using fermentation as well as in the processes of the first processing. The by-product of this process is lignin, which can be used to generate energy. Obtaining ethanol from lignin and cellulose reduces greenhouse gas emissions by 90 % compared with petroleum 3.
The first and second generation biofuels use existing technologies for the production of alcohol and vegetable oils. While the third generation of biofuels uses new technologies with photosynthetic algae. These algae use energy of light to absorb carbon dioxide from the air and produce organic compounds. Microalgae have very small size about 1, 2, 3, 10 micrometers. They are able to produce a lot of lipids inside their cells. Lipids can be isolated and transformed into biofuels. Microalgae grow up very quickly, do not occupy land areas, and are technologically processed.
Algae can be used to produce motor fuels that are very similar to the traditional ones. The microalgae have the following benefits:
 high yield;  ability to develop in water, not on the ground, which can be used for other food crops;  ability to absorb large amount of carbon dioxide; and  low use water for cultivation. The paths for biomass conversion into biofuels of the first, second and third generations are shown in Fig. 1 . At first, microalgae should be grown. Then this biomass should be collected.The collected algae can be immediately sent for recycling. The hydrocracking process will take place and the fraction of bio-oil will be separated at high pressure and temperature. This bio-oil can be purified by conventional petroleum distilleries. There is another option. First, the separated microalgal biomass fraction can be isolated and then recycled into biofuels by chemical methods. So, there is a range of technologies.
Microalgae provide an opportunity to get by order of magnitude more biofuels as compared with conventional crops. The agricultural crops grow for a long time, and microalgae grow in 2 weeks.
There is no algae fuel in Ukraine due to the absence of strains. Algae strains that can be used in the industry are costly. But such algae can be a promising source of raw materials for the production of biodiesel fuel. Data indicate that 1 hectare of land can give 446 liters of soybean oil or 2690 liters of palm oil, while the same area of the water surface can yield about 90.000 liters of biodiesel. The development of the third-generation biofuels production is an important task for Ukraine.
The development of alternative energy sources and the production of biofuels are topical in our time due to the energy crisis. Biofuel production from microalgae has a number of significant advantages over the production of biofuels from oilseeds and rape. But now the project for obtaining biofuels from algae is only at the stage of experimental development.
The fourth generation of biofuels is a technology using photosynthetic cyanobacteria. Bacteria produce the final product using CO 2 and sunlight. This method greatly increases the system performance. The photosynthetic cell can be genetically modified for ethanol production. The surface of water in a special reactor, where the cyanobacteria live, is heated by sunlight. The alcohol evaporates from the surface of the water and is collected by condensation. This is a very interesting process without intermediate stages of biomass collection and processing. By now, such technology is under development in the USA.
The fifth generation of biofuels is now being developed. Electric biosynthesis is the basis of this process. There are microbes that can consume electricity from the electrode in solution. These microbes perform very high energy conversion efficiency, potentially. Some microorganisms are able to use up to 80 % of the electrons obtained from the electrode for the synthesis of organic compounds. The processes of obtaining biofuels of the fifth generation do not affect agricultural areas and drinking water. The use of electric biosynthesis may increase the production of food and biofuels [4] .
The National standard of Ukraine 4840:2007 «Diesel fuel of high quality. Specifications» limits the content of methyl esters of fatty acids by not more than 5 %. Sunflower and rapeseed oils are traditional sources of triglycerides in Ukraine. The production of biofuels from this raw material is limited by its high price (sunflower oil of the 1st grade is 22 UAH / kg, rapeseed oil is up to 18 UAH / kg), and is now not economically profitable. In addition, large agricultural areas should be used to grow these crops. It is more rational to use sunflower oil as a food product, and it is better to import rapeseed oil. Non-standard vegetable oils (such as worked or dark sunflower oil) can be used to synthesize biofuels.
A significant amount of technical animal fat is available in Ukraine. Non-food animal fats are of lower value than high quality vegetable oils. For example, if the fats do not meet the standards of color, transparency, contain impurities, etc. they can be used for FAME synthesis. This is a mixture of pork-beef fat, chicken fat and fish oil, they are meat-processing residues. Approximate price of such fats: pork beef -10 grn, chicken -12 and fish -6 grn per kilogram.
Technical pork-beef fat is burned. Chicken and fish oils are partly used as additives to animal feed. The rest, which is most of the chicken and fish oil, can go for FAME. Ukrainian enterprises receive about 1000 tons of chicken fat per month.
The advantages of using technical fats and oils are: availability throughout the year, independence from the weather conditions, safe process of transesterification. The production of fuel or fuel components from waste companies can reduce the self-cost of products. Also, the use of biofuels can increase the level of energy independence of the country.
We used chicken fat, fish oil, pork beef fat and palm oil, sunflower oil and soybean oil as raw material for the synthesis of fatty acid methyl esters. Such a wide range is due to the following factors: sunflower oil and soybean oil are best studied and widespread; palm oil and technical fish oil are the cheapest; pork-beef fat and chicken fat are undocumented industrial waste. The processing of technical animals of low-fat fats is not only an additional source of raw materials for the synthesis of the MES, but also a partial solution to the problem of waste recycling in the food industry.
All samples of the FAME were synthesized by specialists at the Department of Chemical Technology of High-Molecular Compounds, and the study of the physical-chemical properties of the FAME was carried out at the Department of Chemical Technology of Fuels at the Test Laboratory of Petroleum Products at the Ukrainian State Chemical-Technological University.
The transesterification reaction allows obtaining products close to diesel fuel according to physical and chemical and operational characteristics. But methyl esters of fatty acids are unsuitable as an additive to fuels for a number of indicators, although this possibility is considered in some cases. We have investigated samples of products derived from Ukrainian raw materials in comparison with diesel fuel (Table 1) . Significant deviations exist in such properties as: fractional composition, viscosity, density, acid number, iodine value, low-temperature properties. But some of these indicators fit into the norms, as biodiesel is used only as an additive to fuel. First of all, it refers to the viscosity (Fig. 2 ) and density (Table 1, Fig. 3 ). Graphs of viscosity-temperature dependence are built according to the data of Table 2 .
The excess of these indicators will not greatly affect the processes of mixture formation and combustion, due to the fact that biodiesel is a strong surfactant.
The low-temperature properties of mixed fuels are unsatisfactory. This limits their use only in warm seasons. Numerous attempts to lower pour points and filterability with depressor additives made it possible to establish that there are polyalkyl methacrylate additives in a concentration of up to 1 % or copolymers of ethylene with vinyl acetate. However, the effect of these additives is individual and applies only to the studied samples. On the other hand, this indicates the possibility and selection of effective depressors. A high iodine number depends on the fatty acid composition of biodiesel, more precisely, on the amount of unsaturated esters. This can adversely affect the thermal-oxidative stability of the mixed fuel.
The fatty acid composition of biodiesel was determined with chromato-aspirometer on the HP 6890 chromatograph with a flame ionization detector and a HP-INNOWax capillary column. l = 30 m, d = 0.53 mm, h = 1 μm, Conditions: -injector temperature is 220 °C, detector temperature is 275 °C, hydrogen flow rate -30 ml/min, air flow rate -300 ml/min, Helium flow rate -10 ml/min; Sample volume -1 μl. The results of the analysis are presented in Table. Oxidative stability was determined by three methods.
Method EN 14112 is Rancimat test. According to this method, a stream of air is passed through the sample at a given temperature. The vapors that are released as a result of the oxidation of the sample pass into the flask with distilled water together with the air. There is an electrode in the flask that measures the electrical conductivity. The end of the induction period comes at the time when the electrical conductivity begins to increase rapidly. This is due to the fact that oxidation products begin to flow intensively into water and dissociate. This method allows determining the role of radical-chain reactions in the course of oxidative processes in the sample.
Method EN ISO 12205. The method involves oxidation of the sample at the temperature of 95° C for 16 hours. At the same time, oxygen is passed through the sample. The sample is cooled and filtered after oxidation to determine the amount of insoluble products. Resinous products are washed from the vessel and their quantity is also determined. The intensity of all processes is characterized with the total number of solid products and resinous products.
The third method is testing the samples is under native oxidation. For this, the biodiesel samples are kept in a glass dish in the dark for a year. The acid and peroxide numbers of the samples were determined every three months.
The results of the native oxidation of biodiesel samples are presented in tables 4 and 5. It should be noted that biodiesel is quite stable when stored under normal conditions. The increase in acid and peroxide numbers 1.2-2.0 times can be considered insignificant. The standards of the most countries regulate the acid value of biodiesel at the level of 0.5-0.8 mg KOH/g [5] . 0  15  17  10  22  6  18  3  16  23  13  23  7  31  6  17  32  17  24  8  25  9  19  39  21  27  9  28  12  19  40  21  27  10  30 However, biodiesel is actively oxidized with increasing temperature and in the presence of oxygen. The intensity of oxidation depends on the total amount of unsaturated compounds in biodiesel when tested according to EN-14112 (determination of the induction period) ( Table 6 ). The number of isolated double bonds in the molecule did not matter. Such dependence is not observed in the oxidation of biodiesel according to EN ISO 12205. This indicates that compounds prone to reaction seals without oxygen or with a very small amount of oxygen are present in the biodiesel. To know what processes occur during the oxidation of biodiesel and how to inhibit them, it is necessary to know the exact composition of biodiesel. Biodiesel may contain substances that slow down or accelerate oxidative processes. The schematic diagram of the compaction processes occurring in oil fuels is already known. Acidic oxidation products play an important role in these processes. They catalyze polymerization, polycondensation and polyesterification reactions. Their activity can be reduced by the addition of neutralizing compounds, in particular, amines. The effectiveness of some amines has been tested by us. It turned out that amines perform an inhibitory effect on the formation of sludge and tar. Alpha naphthylamine was the best of them. Some results are presented in Table 6 . At the same time, the test was not conducted with «clean» biodiesel, but diesel fuel containing 7 % biodiesel. Table 7 The results of the oxidation of a mixture of diesel fuel with 7 % biodiesel Low-temperature properties. Depressor additives can reduce important parameters such as the pour point and the cold filter plugging point (CFPP), but practically do not affect the cloud point.
The use of depressant additives is an efficient way to improve the low-temperature properties of diesel and increase fuel resources.
We have also studied depressor additives based on copolymers of ethylene with vinyl acetate -CEVA-1, CEVA-2, CEVA-3. They differ in their usage for fuels with different fractional composition.
Fuel Sample
Oxidative stability, g/m Data for FAME from sunflower oil are given as an example. These additives were tested in diesel, too. The results are presented in tables 8 and 9. The fractional composition of the methyl esters of fatty acids of sunflower oil has been taken into account for a more detailed study ( Table 1 ). The influence of depressant additives on narrow fractions of diesel has been studied extensively. The results of the studies are presented in Table 10 . The research results have shown that depressor additives work the worst in the diesel fraction of 300-360°С. FAME of sunflower oil has exactly this fractional range.
The depression of pour point and CFPP with depressor additives are shown in diagrams (Fig.  4-5) . Depressor additive CEVA-2 operates most effectively. The content of methyl esters of fatty acids which is expedient to use in a mixture of diesel fuels does not exceed 30 % by weight. Such mixtures can be used in diesel engines without constructive changes. Table 11 Low temperature properties of the diesel fuel mixture and FAME of sunflower oil Additive CEVA-2 reduces the pour point by 12 °С, and CFPP -by 9 °С. Low temperature properties of diesel fractions mixtures with FAME and depressor additive of CEVA-2 has been determined. The results are presented in Table 12 . Additive ВЕС-2 effectively operates in the mixtures of all fractions with FAME. Pour points are reduced by 5 ÷ 7 °C, and the CFPP are reduced by 4 ÷ 6 °C. In the fraction of 300-360 °C, the pour point is reduced by 6 °C, and CFPP -by 5 °C.
The low-temperature component (LTC) has been added to improve the low-temperature properties of the mixed fuel, together with other additives. The results obtained are shown in Table  13 . Introduction of the low-temperature component in the composition of diesel reduces the pour point by 8 °C, and CFPP -by 11 °C. When adding the CEVA-2 additive at the concentration of 0.05 %, the depression of the pour point and CFPP is by 24 °C and 21 °C, respectively. CFPP of fuel composition meets the requirements of the standard for winter diesel.
The combined effect of the low-temperature component and the depressant additive on the low-temperature properties of diesel fuel fractions with FAME has been studied. Data is given in Table 14 . The obtained results are presented in the form of diagrams, which illustrate depression of the pour point and the CFPP of mixed fuels with depressor additives and LTC. Based on the sample of FAME sunflower oil, it has been shown that up to 30 % FAME can be used in a diesel fuel composition at low temperatures at the presence of the low temperature component and the depressant additive based on ethylene vinyl acetate copolymers.
Combustion rate of diesel fuel. Data about cetane numbers (CN) of the FAME from various sources vary considerably, but the general opinion is that the values of the CN of fatty acid esters are higher than those of diesel fractions. The cetane numbers of the FAME samples have been determined (Table 1) , and the values are in the range of 52-56 units.
Lubricity. It is well known that long-chain carboxylic acids and their derivatives have excellent lubricating properties. The effect of chicken fat based FAME additive on the average diameter of a diesel wear spot (d mean value ) is presented as an example at Fig.6 . Tests have been conducted on a standard standHFRR [5] . The anti-wear properties of the fuel are brought to the normal (less than 460 microns) by adding 1-2 % FAME.
With further increase in concentration, d mean value value has become stabile at 200 microns. Energy properties. Biodiesel, depending on the origin, contains from 10 to 14 % m/m oxygen. Accordingly, its calorific value is reduced by this value (Table 15 ). This will reduce the power reserve of the car. But the calorific value does not presumably affect the power characteristics of the engine, since the filling ratio of the cylinder will change due to the smaller air supply. However, there is a need to adjust the high pressure fuel pump. Mixed diesel fuels containing methyl esters of fatty acids have the closest quality indicators to diesel fuel. Studies of the physical-chemical properties of the FAMEs suggest that its concentration in the mixed fuel can be increased up to 30 %. The obtained mixture is subject to the use of appropriate additives. The introduction of the maximum number of the FAME from different raw materials into diesel fuel is acceptable. The FAME has a positive effect on the environmental performance of the mixture, lubricity. This gives advantages and in addition increases the resource of diesel fuel in Ukraine. КИСЛОТ З НЕЇСТІВНИХ ЖИРІВ Розглянуто сучасний стан технології отримання метилових ефірів жирних кислот (МЕЖК) з нехарчових жирів та олив, дано оцінку сировинної бази на Україні, обґрунтовано можливість переробки. Описано переваги і недоліки жировміщуючої сировини. Досліджено фізико-хімічні та екплуатаційні властивості МЕЖК з нехарчових жирів і олій. Обговорено властивості, що лімітують кількість альтернативного компонента в дизельному паливі на підставі його жирнокислотного складу, окисної стабільності, в'язкісно-температурних характеристик, низькотемпературних властивостей. Підібрано присадки, що покращують низькотемпературні і антиокислювальні властивості сумішей біодизеля з нафтовим паливом. Висловлено припущення про можливе збільшення концентрації МЕЖК в сумішевих паливах до 30 %.
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